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Claim 

A continuous manufacturing method of a clad-type high-purity 
fused silica rod characterized by the following facts: this is a 
manufacturing method of clad-type high-purity fused silica rod 
using equipment having a configuration that enables relative 
driving between a rotating rod holder and a heat treatment unit 
using a gas flame; on the surface of the rod made of a 
transparent silicon compound glass, micron-sized powder of a 
silicon compound is deposited uniformly and finely by means of 
flame oxidation decomposition of the silicon compound or a 
mixture of the silicon compound and impurity with added hydrogen 
gas in an amount 25-35X that of the silicon compound vapor; then. 



the micron-sized powder of the aforementioned deposited silicon 
compound is subjected to continuous heat treatment by the 
oxygen/ hydrogen flame so that a transparent vitreous coating is 
fused. 

Detailed explanation of the invention 

This invention pertains to a continuous manufacturing method 
of a clad-type high-purity fused silica rod used as a material 
for optical transmission line. 

The glass fiber optical transmission line for optical 
communication is usually made of a core and cladding. Suppose 
the refactive indices of the core and cladding of the optical 
transmission line are and nj, respectively; there is the 
following relationship: 
n z - n I . ( 1 ^ A ) 

where A is in the range of about 10'^ to 10*\ and depends on the 
wavelength of the light for transmission. Consequently, it is 
necessary to have only a very small difference between and nj. 
Also, in order to reduce the attenuation of the light, it is 
necessary to reduce the application and scattering by the 
material itself. When light is transmitted through the core, 
there is a loss in the light due to interference by the impurity 
in the core material and due to scattering caused by bubbles, 
foreign objects, and the material itself. Also, the bubbles, 
foreign objects, etc., at the interface between the core and the 
cladding are also a major cause of the loss by scattering. 

When the optical fiber is manufactured from the clad-type 
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optical transmission line teed material, the material 
cLespondin, to the core is inserted into the P^Pf 
to the claddin,, followed hy processin, into the fxber: In thxs 
case, the scattering loss caused by bubbles and foreign objects 
at tL interface between the core and the cladd.ng xs the most 

serious disadvantage. 

in order to improve the aforementioned method, several 
methods have been proposed in Japanese KoKai Patent *PP"""°" 

NOS ShO «C1974,-9523, ShO 49(19741-10055, She 49[1974,- 0056, 
Sho 4911974 -13909, etc. For example, in the method disclosed in 
Ta^ane e KoLi Patent Application No. Sho 49(1974,-9523, by means 
Of flame hydrolysis of the silicon compound, a soot-liKe deposxt 
is attached to the core of a nonmetal refractory material 
(graphite or refractory ceramics); the soot-liKe deposit is then 
iLtLed, ana the rod is inserted slowly into an rf induct.ve 
heating oven at 1400-1700-c in an inert atmosphere, at a speed 
appropriate for enabling escape of the adsorbed gas from the 
unsintered portion, forming a transparent vitreous cladding. 
However, as the rod with the soot-li^e deposit on it is inserted 
into the rf inductive oven very slowly, the sintering operation 
takes a long time, and the demand on control of the quality 
Characteristics becomes complicated. This is unfavorable for 

«.^^»^v.i^-o i<; used as the core material, ir 
production. Also, as graphite is usea as 

L atmosphere used is not highly inert, influence by impurities 
may taXe place easily in the rf inductive heating oven, and 
contamination may take place easily. This is a disadvantage. In 
addition, in the process of sintering of the soot-lxke deposit 
layer in the rf inductive heating oven, as heating is performed 
from the surface of the soot-like deposit, it is difficult to 
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completely remove the gas bubbles hidden inside the rod. This is 
also a disadvantage. For the optical transmission line material 
manufactured using this method, as the soot-like deposit layer is 
sintered to form a vitreous cladding, which is not bonded to the 
core material (graphite) , when it is used as an optical 
transmission line, the inner surface of the cladding must be 
mechanically polished. This is a disadvantage. 

The purpose of this invention is to solve the problems of 
the aforementioned conventional method by providing a continuous 
manufacturing method of clad-type high-purity fused silica rod as 
an optical transmission line material. That is, this invention 
provides a continuous manufacturing method of clad-type 
high-purity fused silica rod characterized by the following 
facts: this is a manufacturing method of clad-type high-purity 
fused silica rod using equipment having a configuration that 
enables relative driving between a rotating rod holder and a heat 
treatment unit using a gas flame; on the surface of the rod made 
of a transparent silicon compound glass, micron-sized powder of a 
silicon compound is deposited uniformly and finely by means of 
flame oxidation decomposition of the silicon compound or a 
mixture of the silicon compound and impurity with added hydrogen 
gas in an amount 25-35X that of the silicon compound vapor; then, 
the micron-sized powder of the aforementioned deposited silicon 
compound is subjected to continuous heat treatment by the 
oxygen/hydrogen flame so that a transparent vitreous coating is 
fused. 

in the following, this invention will be explained in more 
detail with reference to an application form illustrated by the 
attached figure. As shown in this figure, a mixture of silicon 
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compound and impurity is fed through burner (2) onto the surface 
of a transparent silicon compound glass rod (1) , and micron-sized 
powder (3) is deposited by means of flame oxidation 
decomposition. Said silicon compound glass rod (1) has- one end 
held by a rotating rod holder (not shown in the figure) and is 
driven to rotate at a prescribed rotating speed. Then, 
immediately after deposition of the aforementioned micron-sized 
powder, deposited micron-sized powder (3) is subjected to flame 
heat treatment by oxygen/hydrogen flame burner (4) , so that it is 
fused to form a transparent vitreous cladding (5) • 

More specifically, as the silicon compound, silicon hydride 
or silicon chloride is usually used. The preferable types 
include SiH4, SiHClj, SiCl4, and SiH^Cl^, etc. For SiH^ and SiE2Cl^, 
they may be fed in vapor form through burner (2) . On the other 
hand, for SiCl4 and SiHClj, as it is in liquid form at room 
temperature, it is necessary to feed them by means of a carrier 
gas, such as Hj, Ar, Oj, etc., through burner (2). The impurities 
doped into the silicon * compound include BjH^, BCI3, BBrj, etc. It 
is preferred to use BjH^ and BCI3, as they can be used preferably 
as vapor at room temperature. As the aforementioned feed vapor 
is fed together with H2 and Oj to burner (2), a flame is formed, 
and micron-sized powder of about 1 /xm is formed and deposited on 
the surface of core (1) . In the aforementioned burner, by means 
of flame oxidation decomposition, a fine and uniform [layer] of 
the micron-sized powder with a size of about l /zm can be formed 
at a high efficiency. It is preferred that the amount of the 
hydrogen gas fed with respect to the amount of the vapor of 
silicon compound fed to the burner be in the range of 2 5-35X. If 
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the amount of the hydrogen gas fed with respect to the amount of 
the silicon compound vapor fed is less than 25X, the micron-sized 
powder formed is not uniform, and foaming may take place easily. 
On the other hand, if the amount of hydrogen gas fed with respect 
to the amount of the silicon compound vapor is over 35X, the 
relative amount of the silicon compound vapor becomes smaller, 
and the amount of the micron-sized powder deposited becomes 
smaller. For micron-sized powder (3) deposited on the surface of 
core (1), the deposit pattern is made of symmetric cones on both 
sides from burner (2) at the center. Deposit layer (3) of 
micron-sized powder in the deposition starting portion (the 
righthand side in Figure l) is remote from the outer flame of 
fusing burner (4), and is thus soft. As said soft deposit layer 
(3) enters the outer flame of burner (4) for fusion under driving 
by core (1) , it is sintered and gradually becomes hard (the 
lefthand side of deposit layer (3) in Figure l) . in addition, as 
it enters the flame of burner (4) for fusion, the sintered 
portion enters a semimelted state, and it gradually becomes 
transparent and vitreous from the interface. At this time, the 
gas adsorbed inside the semimelted portion gradually escapes to 
the unsintered portion. Consequently, transparent vitreous 
cladding (5) becomes free of bubbles, and no bubbles are 
generated at the interface between core (1) and transparent 
vitreous clad (5) . The aforementioned core may be made of the 
commercially available high-purpose transparent fused silica 
glass rod. It is preferred that there are no fine scratches on 
the surface. More preferably, the surface may be processed by 
polishing to optical grade. When there are scratches or embossed 
pattern on the core material, it is difficult for the bubbles to 
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escape completely when the cladding is sintered, and bubbles may 
remain on the scratches and emJaossed portion of the core, in 
addition to the high-purity fused silica glass rod, it is also 
possible to use a glass doped with elements for increasing the 
refractive index. In addition, if the core is too fine, 
deformation under influence of the burner may take place easily. 
Consequently, it is preferred that a rod with diameter of 2 mm or 
larger be used. 

Application example 

A 3-mm-diameter high-purity fused silica glass rod, which 
had been subjected to grinding to optical grade, was held as a 
core on a rotating rod holder. While the aforementioned core was 
rotated at a speed of 4 rpm and was driven to move at a speed of 
2 mm/min, 0.05 L/min of SiH^ gas, 0.015 L/min of BCI3, 2.35 L/min 
of O2 gas, 1.5 L/min of gas, and 1.2 L/min of Ar gas were fed 
for flame oxidation decomposition, and the micron-sized powder 
was deposited. Immediately after that, flame heat treatment was 
performed by an adjacent burner for fusion with I.12 L/min of Oj 
gas and 3.7 L/min of H2 fed to it. In a single round of 
operation, a transparent vitreous clad with [thickness] of about 
1.5 mm was formed. For the clad-type material prepared in this 
application example, the difference in the refractive index is 
0.4%. When the optical fiber formed from it was measured, it was 
found that the loss was 3.5-4.6 db/km for a wavelength of 
0.63-0.8 urn, respectively. 



As explained above, in this invention, a transparent 
vitreous cladding can be formed in a single round of operation b 
means of the continuous heat treatment using a gas flame. 
Consequently, it is possible to form a high-quality optical 
transmission line material that is free of contamination, and 
with high uniformity at the interface between the core and the 
cladding. Also, the method of this invention can significantly 
increase productivity. 

Brief explanation of figures 

The attached figure is a partially cut longitudinal 
cross-sectional view illustrating an implementation form of this 
invention. 

1 . Core 

2. Burner for flame oxidation decomposition 

3. micron-sized powder deposited on the core 

4. Burner for fusion 

5. Fused transparent silicon compound glass cladding, with arrow 
indicating the direction of movement of the core. 
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